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(54) AUTOMATIC BRAKE CONTROL DEVICE FOR VEHICLE 

(57)Abstract 

PROBLEM TO BE SOLVED: To certainly avoid an obstacle by 
furnishing a steering avoiding capacity computing means to compute 
steering avoiding capacity to show capacity to avoid the obstacle by 
steering of a vehicle in accordance with operating quantity of 
steering and a control means to control forwarding force of the 
vehicle in accordance with the steering avoiding capacity. 
SOLUTION: A signal from a steering angle sensor 14 to detect a 
steering angle by a steering 12, a signal from a radar 16 to detect a 
distance to an obstacle, signals of a wheel speed sensor 20 of a 
front wheel 18 and a wheel speed sensor 24 of a rear wheel 22, etc., 
are input to a control device 1 0. The control device 1 0 carries out 
automatic braking by judging obstacle information in accordance 
with these input signals and issuing a command to a brake hydraulic 
actuator 26 as required. Additionally, in the case when obstacle 
avoiding operation by steering of a driver is detected by the 
steering angel sensor 14, the control device 10 computes lateral 
force generated on front and rear wheels 1 8, 22 from steering 
quantity and carries out braking control in accordance with it. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The automatic-braking control unit of the car carry out having had a steering evasion actuation 
detection means detect the obstacle-avoidance actuation by steering of an operator, a steering evasion 
capacity calculation means to by_which a car computes the steering evasion capacity which shows the 
capacity that an obstruction can be avoided by steering based on the control input of this steering, and 
the control means control the ahead power of a car based on this steering evasion capacity in the 
automatic-braking control unit of the car which detects the obstruction ahead of a car and performs 
automatic braking as the description. 

[Claim 2] It is the automatic-braking control unit of the car which the lateral force which a wheel 
generates as an index of said steering evasion capacity is adopted in claim 1 , and is characterized by said 
control means controlling the ahead power of a car by controlling the force before and after a wheel 
occurs by braking. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the automatic-braking control unit of the car to which 
braking is automatically applied according to the situation at that time, when the obstruction ahead of a 
car is detected. 
[0002] 

[Description of the Prior Art] In order to prevent a collision or a rear-end collision conventionally, the 
obstruction ahead of a self- vehicle is detected, and if the distance of this obstruction and a self- vehicle 
approaches more than this as it is, when it approaches exceeding the distance (threshold) judge that is 
dangerous, the technique to which automatic braking of a certain alarm is emitted or carried out to an 
operator is proposed. 

[0003] For example, in JP,6-298022,A, the equipment which performs automatic braking based on the 
distance (distance between two cars), a front relative velocity, and the front self- vehicle speed with a 
body (precedence vehicle) which are obtained by the radar is indicated. More specifically with this 
equipment, the 1 st threshold which can prevent the rear-end collision to a precedence vehicle by 
braking, and the 2nd threshold which can prevent the rear-end collision to a precedence vehicle by 
SUTERINGU actuation are computed based on the self- vehicle speed, the distance between two cars, 
and relative velocity. And even if the detected distance between two cars is smallness, when it does not 
make it brake from the 2nd threshold at the adult time but consists of the 1st threshold below the 1st and 
2nd thresholds, it is made to perform automatic braking for the first time. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if an operator performs obstacle avoidance 
actuation before reaching the threshold for performing said automatic braking with the conventional 
automatic-braking control unit including the equipment indicated by said official report, when the 
control input is insufficient, it is necessary to avoid a collision by applying automatic braking. 
[0005] Moreover, for example, when an operator performs obstacle avoidance actuation by steering, by 
having applied damping force automatically regardless of this steering evasion actuation, the problem 
that the steering evasion capacity that an obstruction can be avoided by steering is not effectively 
securable may occur. 

[0006] That is, when an operator performs obstacle avoidance actuation by steering, it is necessary to 
carry out braking control in consideration of this steering evasion actuation. 

[0007] When it is made in view of said conventional problem and the operator is performing obstacle 
avoidance actuation by steering, this invention applies automatic braking, after securing this steering 
evasion capacity sufficiently effectively, and makes it a technical problem to offer the automatic-braking 
control unit of the car which can avoid an obstruction certainly. 
[0008] 

[Means for Solving the Problem] In the automatic-braking control unit of the car which this invention 
detects the obstruction ahead of a car for the summary as shown in drawing 1 , and performs automatic 
braking A steering evasion actuation detection means to detect the obstacle avoidance actuation by 
steering of an operator, Said technical problem is solved by having had a steering evasion capacity 
calculation means by which a car computes the steering evasion capacity which shows the capacity that 
an obstruction can be avoided by steering, and the control means which controls the ahead power of a 
car based on this steering evasion capacity based on the control input of this steering. 
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[0009] Since the steering evasion capacity of a car is computed based on the control input and the ahead 
power of a car was controlled according to this steering evasion capacity when having performed 
obstacle avoidance actuation by steering of an operator performing sudden steering was detected 
according to this invention, steering evasion capacity is effectively securable. Therefore, even if 
approached so far, evasion distance that it was possible to avoid a collision was reduced, and it became 
possible to avoid an obstruction certainly. 
[0010] 

[Embodiment of the Invention] Hereafter, the example of the gestalt of operation of this invention is 
explained to a detail based on a drawing. 

[001 1] It is the lateral force in which a wheel's generates the desirable operation gestalt of this invention 
as an index of said steering evasion capacity being adopted, and controlling the ahead power of a car, 
when said control means f s controls the force before and after a wheel's occurs by braking (claim 2). 
[0012] An operator is going to avoid an obstruction by steering and lateral force occurs for a wheel by 
cutting a steering. The distance which can avoid a collision will be reduced by computing the maximum 
damping force which can be generated for a wheel, controlling the wheel order force by this damping 
force, and controlling the ahead power of a car by it from this lateral force, using the so-called friction 
circle. 

[0013] This point is explained using a Fig. below. 

[0014] Drawing 2 expresses the so-called relation with a friction circle C as the force committed for 
Wheel T. Wheel T is making sense F of a car body, and the steering angle alpha by steering of an 
operator. Therefore, as for the sense Fw of the wheel which the force before and after calling it driving 
force and damping force commits, only sense F of a car body and the steering angle alpha have shifted. 
The lateral force Y generated for Wheel T is committed in the direction perpendicular to a wheel. 
[0015] Supposing damping force B is applied to Wheel T at this time, the frictional force which is 
resultant- force R=root (Y2+B-2) of said lateral force Y and damping force B cannot exceed product 
muW of the car weight W and the road surface coefficient of friction mu. That is, the following 
inequality (1) is realized. 
[0016] root(Y2+B-2) <=muW - (1) 

[0017] Therefore, resultant force (in now, it is resultant force with lateral force Y and damping force B) 
of all the force within the horizontal plane committed between Wheel T and the ground stops in the 
circle of radius muW expressed to drawing. In this semantics, muW is called maximum frictional force 
and this circle C is called a friction circle. 

[001 8] It is Bmax of drawing if fixed with the magnitude as which lateral force Y was expressed by 
drawing. It is the maximum damping force which can be generated with Wheel T at this time. This 
maximum damping force Bmax It is calculable by the following (2) formulas. 
[0019] 

Bmax =root {(microwatt) 2-Y2} - (2) 

[0020] Therefore, when lateral force Y has occurred for Wheel T by steering of an operator, it is the 
maximum damping force Bmax about this wheel T. By braking with damping force, evasion distance 
can be reduced most effectively. 

[0021] If it is the value it was decided that the car weight W would be and the road surface coefficient of 
friction mu and lateral force Y can be detected, it will be the maximum damping force Bmax by the 
above-mentioned (2) formula. It is computable. 

[0022] If the road surface coefficient of friction mu is the case of for example, a two-flower drive pulley, 

it can ask for it by comparing the wheel speed of a driving wheel and a driven ring. 

[0023] Moreover, when a front wheel is cut with the steering angle alpha, it is known that the lateral 

force Yf and Yr generated in a front wheel and a rear wheel, respectively will be theoretically searched 

for by (following 3) and following (4) types. 

[0024] 

Yf= {(2mKfKr) /delta} 

[(IV/2Kr) - S2+ - {(Lr2+(I/m)}S+VLr] alpha - (3)) 

Yr= {(2mKfKr) /delta} 

[{LfLr- (I/m)-} S+VLfj alpha - (4) 

However, delta=mIVS 2+ {2m (Lf2 Kf+Lr2 Kr) 

+ 2I(Kf+Kr)} S +[ {4KfKr (LffLr)2} /V -2mV(LfKf-LrKr)] - (5) 

Here, it is the cornering power of an inertial-mass I:car yawing moment-of-inertia Vivehicle speed 
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Kf: front- wheel tire of m:car (two right and left). 

Kr: The cornering power of a rear wheel tire (two right and left) 

Lf: A car center-of-gravity point, the distance Lrxar center-of-gravity point between front axles, and 
distance S between rear axles: Laplacian operator [0025] moreover, the damping force which can be 
generated when lateral force has come only out of Y, as shown in drawing 3 ~ Bmax it is - although 
if full braking is applied to drawing to the limit to maximum-frictional-force muW as Bo shows, the 
resultant force R of lateral force Y and damping force Bo will begin to see from a friction circle C, 
lateral force Y is disregarded, and steering will stop hearing 

[0026] Since the resultant force R with lateral force Y and damping force B exceeds a friction circle C 
too on the other hand even if an operator is going to generate lateral force Y by steering when [ that ] the 
damping force B of maximum-frictional-force muW is being applied previously as shown in drawing 4 , 
the lateral force Y of only that cannot be generated. Namely, it will be in the condition that a wheel locks 
also in this case and a car does not bend. 

[0027] By using a friction circle, by carrying out automatic-braking control in quest of the suitable 
damping force according to the lateral force Y generated by steering of an operator, this invention uses 
effectively the lateral force Y as steering evasion capacity, and aims at reduction of evasion distance. 
[0028] Next, this invention is applied, it depends and the example of a concrete operation gestalt is 
explained with reference to drawing 5 - drawing 7 . When an operator performs obstacle avoidance 
actuation by steering, this operation gestalt carries out the presumed operation of the lateral force based 
on amounts of control, based on this lateral force, computes the damping force which can be generated 
with an order ring, and carries out braking control. 

[0029] Drawing 5 is the outline block diagram of the automatic-braking control unit with which this 
invention is applied. 

[0030] In drawing 5 , the signal from the signal from the radar 16 for detecting the distance to the signal 
from the steering angle sensor 14 for detecting the steering angle alpha with a steering 12 and an 
obstruction, the wheel speed sensor 20 of a front wheel 18, and the wheel speed sensor 24 of a rear 
wheel 22 etc. is inputted into the control unit (ECU) 10. 

[0031] Based on these inputted signals, a control unit 10 judges obstruction information, issues a 
command to the braking actuator 26 if needed, and performs automatic braking. 
[0032] Moreover, when the obstacle avoidance actuation by steering of an operator is detected by the 
steering angle sensor (steering evasion actuation detection means) 14, a control unit 10 computes the 
lateral force which the order rings 18 and 22 generate from amounts of control, and performs braking 
control based on it. That is, a control unit 10 plays the role of a steering evasion capacity calculation 
means and a control means. 

[0033] Hereafter, an operation of this operation gestalt is explained with reference to the flow chart ot 
drawing 6 and drawing 7 . 

[0034] First, in step 100, while computing the self-vehicle speed based on the signal from the wheel 
speed sensors 20 and 24, the steering angle alpha by steering 12 actuation of an operator is inputted from 
the steering angle sensor 14. 

[0035] In the following step 102, the road surface coefficient of friction mu is computed based on wheel 
speed before and after inputting. 

[0036] And in the following step 104, the lateral force Yf and Yr generated with the order nngs 1 8 and 
22 by said formula (3) - (5) is calculated. 

[0037] At the following step 106, the damping force Bf and Br which can be generated with the order 
rings 18 and 22 is calculated by the formula (2) using the lateral force Yf and Yr computed now. 
[0038] In the following step 108, it judges whether the operator is performing steering evasion of an 
obstruction by sudden steering etc. This is judged by whether it is fossete no from the steering angle 
threshold c whose steering angular- velocity dalpha computed from the steering angle alpha and the 
steering angle alpha is a threshold, respectively, and the steering angular-velocity threshold kl. 
Consequently, when each of steering angles alpha and steering angular- velocity dalpha is less than each 
threshold c and kl, it supposes that steering evasion has not been carried out, and when either is beyond 
a threshold, it is judged as what is carrying out steering evasion. When it is judged that steering evasion 
has not been carried out, in the following step 110, Flag F is cleared during steering evasion. 
[0039] It is judged that steering evasion is performed and Flag F judges to a case whether it is ON during 
steering evasion in the following step 112. When Flag F is not ON during steering evasion, it progresses 
to step 1 14, is compared with the steering angular-velocity threshold k2 which is a value with bigger 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/28/2006 



^JP,LG-138894,A [DETAILED DESCRIPTION] 



Page 4 of 4 



steering angular- velocity dalpha than the steering angular-velocity threshold kl in the judgment of step 
108, and checks again whether the operator is performing steering evasion truly. When steering angular- 
velocity dalpha has not exceeded the steering angular-velocity threshold k2, steering evasion outputs the 
signal of which automatic braking is canceled in the following step 1 16 as what is not performed. 
[0040] On the other hand, when steering angular- velocity dalpha has exceeded the steering angular- 
velocity threshold k2, in the following step 118, Flag F is set during steering evasion as that to which the 
operator is performing steering evasion. And in step 120, braking oil pressure is controlled through an 
actuator 26 so that the damping force of the order rings 1 8 and 22 becomes the value of the request 
computed in step 106. The wheel order force is controlled by this, the ahead power of a car is controlled, 
and evasion actuation of an obstruction is performed effectively. 

[0041] Then, although automatic-braking control is continued, evasion actuation of an operator finishes, 
the steering angle alpha or steering angular- velocity dalpha settles down, when it becomes smallness 
from each steering angle threshold c and the steering angular- velocity threshold kl in step 108, it 
progresses to step 1 16 via step 1 12 and step 1 14, using Flag F as off during steering evasion in step 110, 
and automatic-braking control is canceled. 

[0042] Thus, according to this operation gestalt, when an operator tries to perform sudden steering and 
avoid an obstruction, the maximum damping force which can be generated for a wheel in the range 
which does not reduce the steering evasion capacity can be applied, and reduction of the evasion 
distance using steering evasion capacity can be effectively aimed at by controlling the ahead power of a 
car. 
[0043] 

[Effect of the Invention] Since according to this invention steering evasion capacity is computed based 
on the amounts of control, damping force is controlled based on this steering evasion capacity and the 
ahead power of a car was controlled when the operator was performing steering evasion actuation as 
explained above, steering avoidant and braking avoidant could be reconciled, optimal avoidance control 
was performed, and it became that it was possible in decreasing evasion distance. 



[Translation done.] 
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«<E#©»)te{cJ:oTIISU-CUSfll*Y{ci£:Dfcii«J 

mmut i/ refill Y*^{cflw»-&r@i8Hgi*©fi« 



». (5) 

*asfe©-c*5. 

[0028] ^M^BJtfSfliSft/t J: 0 Jt=#lflftj|i& 

30 cc. mKS(csr%>-c«A«»@iwi/. c©«t*tca 

£*>©-<?*£. 

[ 0 0 2 9 ] 0 5 « v 3*c«^*5jSfflSn4 8ttMttM» 
*IS©«iEBS«fiXBir**. 

[0 0 3 0] H5{C*JI»-C. *fl®H£S (ECU) lOfC 
«. Xf7 > 9 1 2 (Cfc SIMM a *tfcU-f *fc«>© 

Ztcib<Dl<-9 1 6*><E>©ft#. IWi 1 8©*f£i$-fe> 
If 2 0R^K2 2©*teii-fe>-9"2 4^6©M#^*5 
40 A2j34vCI»»4. 

[003 i] tHmaiiouc. A#s*n:*fcc*n&<D 
[oo32]x, «ttft-fe>-9- (aarsmiffsimftffi^ 

a) 1 4 tc«t») «(£#©»««:<*: *»3«jiliBi»flE*itft 

m $ n/tis^tc Mflan 1 o tt&»sa*> ^mttt 1 
8. 2 2©&£-r*it?j£iitat,. *n(c»^>rw» 

so ^j^wm^BosmAifc-r. 



[0 03 3] OT. 06. I707Q-?t-h4#I 

co o 3 4 3 sr. xf^io otcfci^T. *»ta-fe 

[0 0 3 5 ] ,X<DZ7v7 1 0 2{CteC5T. KtiStlfc 

[0036] ^-LT^CD^f-f T'l 0 4(C*$lr>T\ WIS 
5£ (3) - (5) CCfcOfiirfgtSl 8. 2 271643^5 
8t#Yf&tfYr*?S?*M-*. 

[003 7] XOX?-? 71 0 e-era:. ^maztitcm 

MfMYr4W>TS (2) (CiO. U&I61 8. 
2 2-C£6£WI&&fW*&2lB f RtfB r 

-A- F c SCflSUtefljIBE* U ? 5^a*-Jl/ F k 1 «fct)*h 

^s^-c^jws*!*. *©*£*. m&na&vmf&ft& 
&d a^-rtx^ti^tiommc k 1 &T0->-ci» 

s. 

[0039] a^Hja^fo-C^it*J»r3ti«^K:ti 

^(c«. Xf^:/1 1 4^a*»*Sft&Kda#*7 u * 
^108 ©«5£«::tettS&»Sf|jIfix u v F 
k 1 J;9**&«lr$>saW9Sfcj$£x U F 

k2<tifc«5sn. aie#*s*stciaj6iijfi*?fori,^ 
a- f k 2 4±0ort»?tt,>tB^{ctm«aHija 

«?T*>nri>&i>fc©£LT;K©*7^:7'i l 6fc*jc> 
[0040]-*, tsiteftimd atfi&ftiftmmxi' 

i/**-;UFk2*fi*.TI,>5J&&K:«. «f£#a*t8»e 
HiS*tf o -CI Of, 'RDXt- v 7 1 1 8tC*s 

i^r«uK0j8*7 7yF*^>K-r4. *b-c. xf? 

7 1 2 0 tC*$t,>T. 18. 22 ©«fl«l^*5^^ „ 

7\ 0 6«:fct,>T#m3ft)fci^H©ffiK£SJ:5(c. fW 
ttfflE*Ti'9 1 *x-$2 6*jiGr$WrS. CttfC 



(4) 1 0- 1 3889 4 

6 

to 04 1 ] -£©&. s*M^SHi®a^$ft**i. a 
k#©@js«s^*^ o . mt&n a xitmatftmL dam 
iti't, xf^io8ic*5w, ^-enca^ft 

* U v i^*-JU F c RtfSUSfcftiiar.* U ? 
Fk 1 J:D/|N<b&ofc£#&c. X?-v7\ 10Ktel>t 
gyj6iaM4>7^yF=6^-7<«:Lr. Xf-?7l 1 2&tf 
^-..^l l 4 3rgfi&LTX^y-7'l 1 6'sjt#g«frfW 

10 [0 042] c ©J: 0 {c**te0««: 
[0 043] 

[|69J©3»*] £Ui3ftiBLfc<tfc9*#fcWK:<fc*itf. « 
20 l>TiW«tf>*fW®)U *Pf©«tra**Sf)ffll-r4J:^K:U 

m i ] *fmommtt?7u ^bi 

[0 2] JlWSKttK ^jigESRiOIBIMmtKra 
[03] »^R«:*Ji»T>6»(c8i^*imrc>€.tS^cl6 

^ ojie&injtt* /c»©gttwia 

[04] SfifR(c*it>rj&J&«:$(I«te^3!i4tij-ct^J©^(c 
30 ^oIfiE^«**^-r/c*©ittWS 

[0 5 ] *ft9§©£lt3£ffittcffiS gttHtt«HffiKB©« 
B&f*fi£0 

[me] *^©ii56^ss©*ij®*^-r7 n-^ +- f 

[H7] ISH;<^:f6W©*tti^fi8©®lt5P*^-r7Ci-^ 

[??#©Sii«] 

i o-«09P^a (ecu) 

1 2-X?-TV># 
40 16-U-^ 

1 8 -mJS« 

2 0-*teiH2>-? 
2 2 •• -%t» 

2 4-«»S2t>t 

2 6-«Ii«lttffiri'^^x-* 



(5) 



1 0- 1 38 894 
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Bmax 
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(6) 
[05] 



18 22 




10 - f?J4»P** (ECU) 
12- Xf?yv7" 

18 •• itr 4» 

22 «*# 
20,24 * 

26- -«'i»5*£r^aj:-^ 



^pgB^p 1 0- 1 3 8 89 4 



(7) 



1 0- 1 38894 
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